Abstract Infections caused by Legionella spp. are considered at the present time, an emerging public health problem and are linked to high rates of mortality and morbidity, if not properly treated. In this study were analyzed 54 samples of water from 8 counties at Northern Portugal, with the aim of obtaining a collection of strains of the genus Legionella and to characterize them genetically and phenotypically. Another objective of this study was to evaluate the effectiveness of the technique of cultivation, a standard method according to International Organization for Standardization ISO 11731:1998, for detection and enumeration of species of Legionella. For laboratory processing, after the filtration of samples (1 L), the filtrate was resuspended in sterile distilled water (5 ml). Heat treatment for selective inhibition of non-Legionella bacteria was performed. Subsequently, 100 μl of the suspension was spread in GVPC selective agar medium, and incubated (7 to 10 days) at 37 ℃. Colonies that were morphologically characteristic of the genus were sub-cultured onto BCYE agar and blood agar for verification. According to the procedure recommended by the standard method, only the colonies which grew in BCYE agar and not on blood agar were considered as suspected Legionella strains. The identification of these initially selected colonies was performed by sequencing the 16S rRNA gene, which revealed that none of the isolates were identified as belonging to the genus Legionella. However, through the ISO 11731:1998 they were interpreted as positive, corresponding therefore to "false-positive" results. The methods used in this study allowed the isolation of a number of isolates (40), which form an independent group of all genus of the family Chitinophagaceae outlined so far, and that by their phylogenetic distance might be a genus not yet described and therefore a new species. The results obtained, highlighted the importance of using culture and genetic methods in parallel for the proper identification of microorganisms.
Introduction
Legionella is an organism of public health interest due to its ability to cause infection in susceptible humans and it's near ubiquitous presence in heated water systems [1] . The genus Legionella comprises 71 distinct serogroups from more than 50 known species [2] [3] [4] and new species are frequently described [5] [6] [7] . Legionella pneumophila, was first recognized in 1977 following an epidemic of acute pneumonia in Philadelphia [8] , is the etiological agent of the majority of cases of legionellosis, and the best part of cases have been attributed to L. pneumophila serogroup 1 [3, 9] . In addition, at least 21 other species of Legionella have been related with human infections [2, 10] . These organisms may be a cause of nosocomial and community-acquired infections, principally in immunocompromised patients [10] [11] [12] . Legionellosis outbreaks are often associated with high mortality rates [13] .
Bacteria have been found in watery soils, natural orman-made aquatic environments, such as rivers, lakes, ponds, mud, and cooling towers or water distribution systems [2, [14] [15] [16] [17] . Legionella bacteria do exist as free-living planktonic forms in the environment, intracellular parasites of protozoans, and/or inhabitants of mixed community biofilms [1, 18] . Thus, the diversity of types and the ubiquitous occurrence of legionellae in water environments or moist soil make it difficult to identify epidemic strains, and outbreaks of legionellosis have been associated mainly with contamination of man-made aquatic environments [19] .
Legionnaires' disease can be acquired by the inhalation of contaminated droplet aerosols or by microaspiration of contaminated water [10, 15] . However transmission of Legionella from person to person has never been observed, and the prevention needs to focus on the elimination of this pathogen from water and systems that produce aerosol. Thus, rapid and accurate detection of Legionella in water systems is extremely importante for hazard prediction and the elimination of Legionella from potential infection sources [20] . The detection of water contaminated by Le-gionella has been usually performed using culture-based methods, approved by the International Organization for Standardization [21] and the French organization for standardization [22] . Culture is important for identifying and typing Legionella strains during epidemics but have several limitations, namely long incubation times. This problem makes culture inappropriate for preventive actions and rapid response in emergency situations. Another weakness is the occurrence of viable but nonculturable (VBNC) bacteria. Furthermore, the sensitivity of Legionella detection based on culture methods depends largely on the physiological state of the cells [20, 23] .
Therefore, it is important to improve the current testing for Legionella and develop rapid and accurate tests. In recent years, different PCR-based methods (based on 16S rRNA, 5S rRNA and 23S rRNA genes and on the mip gene encoding the macrophage infectivity potentiator gene of L. pneumophila) for detection and quantification of Legionella in water samples have been described and can moderate the main drawbacks of culture-based methods [24] [25] [26] [27] [28] . The development of more rapid, culture-independent methods able to discriminating between live and dead cells is very important for assessing Legionella infection risks and preventing legionellosis [23] .
The aim of the present study was to characterize presumptive bacteria from the genus Legionella isolated from water samples from various sources, and also to evaluate the efficiency of detection of Legionella species by the technique of culture, according to the recommendations of the International Standard ISO 11731:1998.
Materials and Methods

Sample collection
A total of 54 water samples were collected at different natural aquatic environmental sources (fountains, springs, rivers, wells and lakes), and from man-made systems (decorative fountains, tap water, water cylinder and the water pipe condensation of the cooling towers of air conditioning) of eight counties from Northern Portugal (Table 1) , for a period of 10 months (January and October of 2008). Water samples were collected in sterile 1000 ml polyethylene bottles and samples were delivered to the laboratory within one day.
Isolation of legionellae from water samples
Isolation of Legionella from water samples was performed by culture according to the recommendations of the International Standard method ISO 11731:1998 (Water qualityDetection and enumeration of Legionella) [21] , based on filtration procedure and culture of bacteria on selective media. Samples of 1000 ml of water were concentrated by filtration on a 0.2 µm pore-diameter polycarbonate membrane (Isopore, Millipore, Ireland). After filtration, bacteria collected on the membranes were resuspended in 5 ml of water and shaken vigorously. Heat treatment for selective inhibition of non-Legionella bacteria were performed as described previously [21, 24, 29, 30] . Briefly, 1 ml of the concentrate was treated at 50 ± 1℃ for 30 ± 1 min. Subsequently 0.1 ml of the suspension was spread on a 90-mm Petri dish containing BCYE agar supplemented with glycine, vancomycin, polymyxin B and cycloheximide (GVPC selective agar medium) (Becton, Dickinson and Company, USA). The inoculated plates were then incubated for 7 to 10 days at 37±1℃ under aerobic conditions and humidified atmosphere. Colonies were counted after 3, 5, and 10 days. Smooth colonies showing a yellowish or sometimes a yellow-green or grayish-white color were counted as suspicious legionellae to be confirmed. Up to 5 to 7 colonies of suspected Legionella were subcultured onto BCYE agar (without antibiotics) (Becton, Dickinson and Company, USA), and blood agar (alternatively we can use BCYE agar without L-cysteine) for confirmation. The isolated colonies growing only on BCYE agar but not on blood agar were considered to be Legionella colonies. No further confirmatory tests, namely direct or indirect immunofluorescence and latex agglutination, for cysteine-dependent colonies, were carried out. A positive control with L. pneumophila CECT 7109 was used. 
Biochemical test
Biochemical tests for gelatinase, urease, and catalase as well as for hippurate hydrolysis and nitrate reduction were performed as described previously [31] [32] [33] [34] [35] . Oxidase expriment was developed in a test paper containing tetramethyl-phenylenediamine dihydrochloride-oxidase reagent (Merck, Germany). The use of glucose and capacity to ferment or oxidize some carbohydrates was also examined as described previously [36] .
PCR amplification and sequencing of the 16S rRNA gene
For PCR amplification single colony from fresh cultures was resuspended in 100 µl of TE buffer and 200 µl Chelex (BioRad) were added. The tube was vortexed at high speed for 1 minute; incubated at 96 ℃ for 10 minutes, kept at -20℃ for 10 minutes, and this process was repeated three consecutive times. The tube was again vortexed and centrifuged for 5 min at 12000 g. The supernatant was transferred to a fresh tube and stored at -20℃. Procedures and characteristics of oligonucleotide primers for the amplification and PCR-sequencing of the 16S rRNA gene were as previously described [37] .
Phylogenetic data analysis
The nucleotide sequences were aligned by the Clustal X program version 1.8 [38] . For alignments, previously published reference sequences [37, [39] [40] [41] , were used. Genetic distances were obtained by Kimura's 2 parameter model [42] and evolutionary trees were constructed by the Neighbour-Joining method [43] with the Mega program [44] .
Genetic typing analysis AAG TAA GTG ACT GGG GTG AGC G [46] Genetic typing of the isolates was carried out by the Randomly Amplified Polymorphic DNA (RAPD) technique, using primers OPA 16, OPA 20 and ERIC (ERIC-1R and ERIC-2) ( Table 2 ). The mixture of PCR was performed to a final volume of 25 µl containing 75 mM Tris HCl (pH 9.0), 2 mM MgCl 2 , 50 mM KCl, 20 mM (NH4) 2 SO 4 , 2.5 µl genomic DNA, 2.5 mM of each dNTP (BIOTOOLS), 100 pmol of primer OPA 16, OPA 20 and ERIC (ERIC-1R and ERIC-2) for each reaction, respectively, and 1 U Taq polymerase (ULTRATOOLS-BIOTOOLS). The amplification conditions were: one cycle of initial denaturation temperature of 94℃ for 4 minutes, followed by 40 cycles of amplification (denaturation at 94 ℃ for 1 minute, annealing at 36℃ for 1 minute and extension at 72℃ for 2 minutes) and finally one cycle of final extension at 72℃ for 7 minutes. The PCR products were subjected to electrophoresis on agarose gel.
Results
Strains isolated during this work were obtained from 54 water samples, collected from 8 counties of Northern Portugal and 9 different sampling sites (fountains, springs, wells, rivers, lakes, recreational sources, tap water, cylinders and air conditioning) ( Table 1) . From a total of 128 isolated bacteria, 49 grew only on BCYE agar and the remaining 79 grew in both culture media (BCYE agar and blood agar). The first group was then considered presumptive Legionella species, in accordance with ISO 11731:1998. Biochemical tests were carried out in two isolates (VR 17 a 4 and VR 17 a 5 ) of this group. All results were the same for the two isolates. The tests for oxidase, catalase and hippurate hydrolysis were positive. However, tests for gelatinase, urease, nitrate reduction and utilization of glucose and other carbohydrates were negative. The suspected colonies (49) were then directly identified by molecular methods, performed by sequencing the 16S rRNA gene (Table 3) . Gene sequencing results revealed that none of the isolates were identified as belonging to the genus Legionella. However, through the indications of the ISO 11731:1998 they were interpreted as positive, corresponding therefore to "false-positive" results. This occurrence emphasizes the importance of the use of methods at the molecular level, for unambiguous identification of strains. In Table 3 Isolates listed in Table 3 as belonging to the family Chitinophagaceae (40) were acquired from samples of air conditioning and are included in a genus not described and therefore a new species. This family is included in the phylum Bacteroidetes, class Sphingobacteria and order Sphingobacteriales, with currently 8 genera, including the gender Balneola, Chitinophaga, Flavisolibacter, Niabella, Niastella, Sediminibacterium, Segetibacter and Terrimonas.
The group of isolates that are part of not described genus have a yellowish and sometimes yellow/green or gray color in GVPC agar and/or BCYE agar. Those isolates had identical partial sequence of 16S rRNA. Analysis of genetic typing by RAPD using the primers OPA 16, OPA 20 e ERIC (ERIC-1R e ERIC-2) was performed with 25 of the 40 isolated strains belonging to the family Chitinophagaceae, in order to identify identical RAPD patterns.
Through the analysis of Figure 1 with primer ERIC it is possible to observe that this group of isolates is homogeneous, since all have the same banding pattern, and therefore the same clonic origin. With primers OPA 20 and OPA 16 (Figure 2) , it was found that these isolates exhibit identical RAPD profiles, thus corresponding to isolates phylogenetically very similar or even the same bacterial strain. The isolate VR 17 a 5 was selected as representative strain, as all isolates have the same pattern, corresponding to a bacterial clone. A phylogenetic tree ( Figure 3 ) was elaborated by selecting the microorganisms phylogenetically closest, i.e., with higher homology with that strain. In the phylogenetic tree ( Figure 3 ) are presented two families of the order Sphingobacteriales, family Chitinophagaceae and Saprospiraceae, as well as some of the genera and species belonging to these two families. Through the analysis of the phylogenetic tree obtained, it was observed a separation of VR 17 a 5 strain from the other genera of the family Chitinophagaceae presented, forming an independent cluster. The species phylogenetically closest of this strain are Terrimonas ferruginea and Terrimonas lutea, both from the genus Terrimonas. This strain seems to form a cluster entirely independent of all currently recognized genera in this family, so it may represent a new genus and therefore a species undescribed to date. This is supported by the value of "bootstrap" (68), in the branch of separation of these two groups, that evidence the distance of the phylogenetic branches and formation of another branch of evolution.
Discussion
Legionella species have growth requirement for L-cysteine and without this amino acid, they are unable to grow. Usually colonies with typical morphology on selective media are subcultured onto BCYE and BCYE without L-cysteine (or blood agar). The isolates that grow on BCYE but fail to grow on BCYE without L-cysteine, can be presumptively identified as Legionella spp. [24, 47] . Closer identification can be carried out using latex agglutination, direct immunofluoresence or molecular techniques. Some phenotypic tests have lack of sensitivity, and inability for accurately detect all clinically important Legionella species and serogroups, and should not be used as a single tool [48] .
Using the traditional biochemical tests, bacteria of the genus Legionella cannot be identified with any degree of certainty. Many of the species can only be correctly identified using molecular methods. There is a broad panel of biochemical tests whose usefulness has been demonstrated in identification, but these methods have not been widely used or validated after their initial description [49] . Tests for nitrate reductase and urease are negative for all species. Most strains liquefy gelatin and are reported to be catalase positive and oxidase negative (although they may provide positive results). L. pneumophila and a few other species hydrolyze hippurate [16, 19, 50] . The legionellae are chemoorganotropic and do not possess a glucose transport system, nor ferment or oxidize other carbohydrates [49, 51] . These biochemical characteristics were observed for two selected isolates (VR 17 a 4 and VR 17 a 5 ). The results obtained are a further indication, in addition to the L-cysteine growth dependence, that these isolates may belong to the genus Legionella.
In this study, no additional confirmatory tests, for cysteine-dependent colonies, were performed and the presumptive Legionella spp. were identified by 16S rRNA gene sequencing. The positive results of the cultivation method were not confirmed by genetic identification. At this context, the results obtained can create a problem of economic nature, since, one of the measures to be implemented, after the detection of Legionella, would be the cleaning and disinfection of all contaminated systems, in order to avoid potential cases of infection. It should be noted that sometimes the opposite occurs, i.e. false negatives are obtained, since the technique of cultivation does not detect the presence of Legionella and genetically this microorganism is detected [48, 52] .
Legionella species have been isolated from a wide variety of water types, such as potable water of hospital, industries and hotels, ground and surface water and biofilms [53] . Moreover, several authors [1, 3, 50, 54] have described the isolation of Legionella spp. from showers, cooling towers and boilers. In contrast with those reports, in this work Legionella spp. were not detected in the aquatic environments studied.
Despite advances in medium formulations and pretreatment techniques, recovery of Legionella species from water samples can still be quite low, difficult and time consuming [48, 52] . They are generally present at very low or undetectable concentrations in freshwater and moist natural aquatic environments. Thus, when working with environmental samples, it is usually necessary to use a concentration technique (centrifugation and/or filtration) of the microflora. However, for clinical or environmental samples it is necessary to eliminate or suppress competitive flora during primary culture. To reduce the growth of unwanted bacteria, the samples can be subjected to a heat treatment (50 ℃ for 30 min) or acid (pH 2.2 for 5 min). This treatment of the samples is performed according to the sampling criteria specified by ISO 11731:1998 [21] and was already used in several studies [24, 29, 51] .
The water temperature is assumed as the prime factor affecting their incidence [55, 56] . Legionellae appear to have a predilection for the warm water encountered in artificial environments, such as man-made systems. Looking for better recovery results, Sanden et al. [57] observed that preincubation of water samples with free-living amoebae for several days (seven days) increased the recovery of Legionella spp., which was related with proliferation of amoebae in the samples. The same observations were done by Bartie et al. [30] , who showed that re-incubation of water samples concentrates with autochthonous amoebae improved the culturability of legionellae in a selective medium. Although these approaches are quite selective, due to the improvement of limit of detection or interference with other bacteria, these methods can be time expensive.
Culturing is generally accepted as the "golden standard" for Legionella detection in the environment, but the lack of standardization of culturing methods by some laboratories, especially for environmental legionellae, complicates the interpretation of results [58] . This method allows the isolation and the quantification of cultivable Legionella species from environmental and clinic samples but it does have limitations [13, 59] . The cultivation method has also the disadvantage of being a very time-consuming technique, requiring selective media and several days of incubation (7 to 10 days) to obtain results [25, 59] . In addition, although there is an international consensus standard for culture detection and enumeration of Legionella in water (ISO 11731:1998), the overgrowth of other accompanying bacteria, the presence of viable but non-culturable (VBNC) cells, loss of viability of bacteria after collection and during the sample treatment (concentration stage followed by decontamination with heat or acid), reduced recoveries by the use of antibiotics in the medium and low concentration of legionellae in the samples limit the use of this method [16, 24, 52, 59, 60] .
Bacteria exposed to potentially lethal environmental conditions including nutrient restriction, oxidative stress, heat, UV irradiation, osmotic stress, or sublethal concentrations of antibacterial compounds undergo physiological or morphological alterations that complicate the detection and accurate enumeration of such stressed bacteria using available culture methods [24, 58] . We can conclude, for all these reasons, that the populations of Legionella are underestimate by culture methods.
There is even the occurrence of "false-positives", as found in this work, which highlights the importance of using faster genetic methods for the proper identification of microorganisms. Thus, there is a need for improved detection methods.
PCR methods, such as quantitative real-time PCR (qPCR), are an alternative tool to the conventional culture method for the detection of slow-growing and fastidious bacteria such as Legionella species [61] [62] [63] . Amplification of Legionella DNA by PCR can provide results within a short time. It also has the potential to detect infections caused by any Le-gionella species and serogroups, in addition to detect non-culturable legionella and allow the manipulation of a large number of samples [3, 9, 59, 64] . The detection of other species besides L. pneumophila is relevant to the diagnosis of Legionnaires' disease, since this disease can be caused by other species, such as L. longbeachae and L. bozemanii. The correct identification of species is also important for epidemiological studies and identification of sources of infection [65] . However, the major disadvantage of PCR it is the inability to evaluate the viability, in other words, by the PCR technique it is not possible to distinguish between viable and nonviable microorganisms, detecting only their presence or absence, while only viable bacteria are able to cause infections in human and represent an interest for public health [20, 23, 47] . The qPCR is an important complement, but not a substitute, for the standard culture-based methods [66] .
The development of new and rapid assays that combine both specific detection and viability criteria is essential for monitoring water quality and legionellosis prevention [3, 24] . A rapid, sensitive, and specific method for the detection of Legionella is clearly important to identify infected individuals and to expedite cleanup of contaminated water systems (reduction in disinfecting treatment cost) in order to prevent additional cases of infection [25, 47] .
Conclusions
In conclusion, elucidation of the properties of the Legionella species is needed to assess their potential public health significance and explain the conditions favoring their growth in aquatic environments. The detection tools for Legionella species have been commonly based on culture method investigations. However, this method is not conveniently sensitive and is time-consuming (most Legionella spp. colonies being detected within 7 days). From this study, we can conclude that the utilization of the technique of culture, according to the International Standard ISO 11731:1998, it is possible to have false positives results in the detection of presumptive Legionella species. Therefore, no Legionella spp. were detected in water samples analyzed during this work. Prospective studies using the culture method and molecular methods should be performed in parallel, to provide better and more comprehensive approach to detection of Legionella species. The method used in this study, allowed obtaining a number of isolates, which form an independent group of all genus of the family Chitinophagaceae described so far, and that by their phylogenetic distance may be a genus and therefore a species not yet described.
